INTRODUCTION
The use of targeted neonatal echocardiography (TnECHO) for the evaluation of the cardiovascular wellbeing is gaining interest. The purpose of TnECHO is to provide physiological information in real time, in order to support clinical decision making. 1 This approach is designed to enhance clinical judgment, provide a better understanding of active physiological processes and monitor the response to treatment. Combination of clinical examination and bedside echocardiography has been shown to improve clinical diagnosis and patient management. 2 In adult intensive care units, use of trans-esophageal echocardiography is common practice and has been shown to change the clinical management in up to 30% of patients based on the results; in an additional 10% of patients it may detect severe previously unknown diagnoses. 3 There is some evidence that routine use of TnECHO in the neonatal unit may lead to identification of cardiovascular compromise, changes in management 4 and potentially improve short-term outcomes. 5 A TnECHO service was first introduced to the Hospital for Sick Children (HSC), Toronto in 2006. Recent published guidelines on training and standards for clinical practice have led to refinement of this program and more integration with the local pediatric cardiology service. 6 The purpose of this study was to review and describe the TnECHO service, identify the indications for performing a TnECHO and assess its potential effect on clinical decision making at our center over a 4-year period.
METHODS
This was a retrospective audit of neonates admitted to the neonatal intensive care unit (NICU) at the HSC, who received a TnECHO examination, between September 2007 and April 2011. The HSC is a 36 bed quaternary out-born referral NICU serving the greater Toronto area in Canada. In addition to extreme premature infants, the unit caters for term or preterm neonates with any type of acute medical or surgical illness, the exception being term infants with exclusive congenital heart defects or diaphragmatic hernias. The electronic patient health record system was used to identify infants that underwent TnECHO consultation by an experienced neonatologist.
The clinical team managing the infant usually requests a TnECHO consultation to support clinical judgment, provide novel physiological insights that may aid in the infants' management or to guide therapeutic interventions such as the use of non-steroidal anti-inflammatory drugs and inotropes. A TnECHO consultation is defined as a detailed clinical appraisal of cardiorespiratory wellbeing, followed by a structured and comprehensive echocardiogram to assess myocardial performance and hemodynamics. All TnECHO evaluations including measurements of all the various parameters were conducted in accordance to specific protocols drafted by our center and detailed elsewhere. 1 The echocardiography information is then carefully integrated within the clinical context to reach a diagnosis or clinical impression, leading to the formulation of a therapeutic recommendation. The decision to request a TnECHO consultation and to accept its recommendations was at the discretion of the attending neonatologist. Institutional ethics board approval was obtained before commencing this study.
We evaluated the following outcomes: trends in annual rates and indications for TnECHO-based consultations; frequency of events where TnECHO led to a change in management and/or clinical improvement; number of times TnECHO resulted in avoiding an unnecessary intervention; and the frequency of unexpected findings resulting in a potentially beneficial intervention.
Data collection
The following patient demographics were recorded; gestation, birth weight, type of delivery, antenatal morbidity and history, Apgar scores, and gender. Information was collected about the active clinical issue and disease states at the time of TnECHO. The amount of cardiorespiratory support, for example, ventilation requirement, need for inotropes and nitric oxide use were recorded 1-h before and 6-h after TnECHO evaluation.
Echocardiography examinations were performed using either the M-Turbo portable ultrasound (Sonosite, Bothell, Washington, USA) or the Vivid 7 echocardiography machine (GE, Waukesha, WI, USA). These evaluations were performed as part of a hemodynamic consultation when requested by the attending physician. The usual indications for TnECHO included patent ductus arteriosus (PDA) assessment, assessment of myocardial performance and systemic blood flow (including postoperative assessment of infants following PDA ligation), assessment of pulmonary hypertension and assessment of peripherally inserted central catheters tip position. The indication for TnECHO and the active patient morbidity at the time of the consultation were recorded. All scans were performed by neonatologists with extensive training in echocardiography (PJM, AEL-K and AJ) or by fellows in training under their supervision. All scans were reported in real time by an attending neonatologist (PJM), dedicated to this service. The results of the consultation and any study recommendations were communicated directly to the clinical team and documented in the electronic patient chart. All studies were archived on expandable storage off the machines. The scans were all performed according to unit-specific standardized protocols. Follow-up scans to assess treatment response were performed according to the clinical situation.
The impact of each TnECHO evaluation on clinical practice was documented and categorized into one of the following categories: unexpected diagnosis: defined as a novel physiological insight not anticipated or suspected by clinical examination; change in management: defined as the institution of a new therapeutic intervention as guided by the findings of the TnECHO and confirming clinical suspicion; avoidance of a planned intervention: defined as stopping a planned therapeutic intervention (put in place following clinical assessment) after the findings of the TnECHO; monitoring treatment response: defined as the use of TnECHO to either escalate or wean therapy already instituted; and no new physiologic insights defined by an unremarkable TnECHO, which did not result in any of the former outcomes. Descriptive statistics were used to summarize the data using SPSS (version 20, IBM, Armonk, NY, USA).
RESULTS
A total of 199 infants underwent 512 echocardiography assessments from September 2007 to April 2011. The median (range) gestation and weight at birth were 27.6 (23.0 to 41.7) weeks and 1155 (477 to 5005) grams, respectively. The majority of infants (n ¼ 121, 62%) were under 28 weeks gestation at birth. The echocardiography assessments were performed at a median age of 6 (1 to 147) days. The most common (n ¼ 153, 77%) primary diagnosis at admission was prematurity and respiratory distress syndrome; 15 (8%) were admitted with a primary diagnosis of hypoxic ischemic encephalopathy; 12 (6%) with persistent pulmonary hypertension of the newborn; 8 infants (4%) were admitted for management of necrotizing enterocolitis or sepsis with hemodynamic instability; and 11 (5%) with other diagnoses. Table 1 shows the indications for TnECHO consultation. The majority of infants underwent an echocardiogram for assessment of PDA significance or for guiding cardiovascular care following PDA ligation. This comprised of 362 (70.7%) of the TnECHOs performed during the study period. TnECHO resulted in a change in management after 212 (41%) consultations; the most common of decisions related to choice of inotrope therapy and PDA care. Table 2 shows the specific interventions that were temporally related to TnECHO. In addition, a planned intervention, was avoided in a further 112 (22%) of consultations. The purpose of 88 (17%) TnECHO consultations were to monitor treatment response. An unexpected diagnosis occurred in 31 (6%) of cases.
DISCUSSION
The use of real-time TnECHO to guide cardiovascular care has become an integral component of NICU practice. This is the first descriptive report of a dedicated TnECHO service, led by neonatologists, and its influence on cardiovascular decision making. The annual increase in requests for TnECHO consultation is suggestive of adoption of the practice by neonatologists as an integral component of NICU care.
We identified changes in clinical decisions temporally associated with TnECHO consultations. These included change in management in 40% of infants and avoidance of a planned intervention in an additional 20% of cases. The commonest condition associated with change in management was a PDA. The changes included withholding of medical treatment when the shunt volume was shown to be low. In four cases, PDA ligation was deferred on the day of the procedure. In all cases, the patients returned to their primary NICU and did not require subsequent There were a number of unexpected diagnoses on routine TnECHO. The most striking was a case of asymptomatic pericardial effusion secondary to peripherally inserted central catheters line migration necessitating discontinuation of the central line and monitoring the resolution of the effusion. Although there are similar reports in the literature, these cases highlight the importance of emergent TnECHO in the setting of acute cardiorespiratory collapse or cardiac arrest. Several publications have highlighted the role of TnECHO in the identification of silent pericardial effusions secondary to malpositioned percutaneous central venous catheters. If left undiagnosed and/or untreated, these can potentially lead to cardiac tamponade and sudden death. 4, 7 There were two additional cases, which prompted cardiology consultation due to concerns regarding cardiac anatomy that were subsequently confirmed on a complete structural echocardiogram. This highlights the importance of close collaboration between the two services and the need for integration of imaging services, wherever feasible.
Our results are comparable to the experience of adult intensivists and anesthesiologists where focus is on the use of ultrasound or echocardiography as part of their normal daily practice. In a prospective audit of the use of echocardiography in an intensive care setting, management was changed directly as a result of information provided in 51.2% of studies. These changes included fluid administration, inotrope or drug therapy, and limitation of certain treatments, which are comparable to our experience with TnECHO. 8 The authors concluded that echocardiography may have a significant impact on the management of patients in the general ICU. Bedside echocardiography in the ICU setting was shown valuable to identify the cause of hemodynamic instability and to optimize therapy. 9 Similarly, the usage of echocardiography by anesthesiologists can alter diagnosis and the course of management. A prospective study investigating the effect of focused transthoracic echocardiography on patients with suspected cardiac disease was also found to be beneficial. When compared with clinical examination alone, the use of echo changed the cardiac diagnosis in 67% and the management plan in 44%. 10 In general, echocardiography has been shown to improve clinical diagnosis and patient management in the intensive care unit setting and emergency room, particularly in patients with cardiac dysfunction. 3, [11] [12] [13] Over the last decade, there has been an increasing use of echocardiography performed by neonatologists around the world.
14 In the year 2000, Evans 9 conducted a survey in Australia and New Zealand to establish the number of NICUs where neonatologists performed echocardiography; he found that 41% of NICUs had a neonatologist providing the primary echocardiography service. TnECHO is currently used in many NICUs as a standard of care, although evidence of beneficial effect on patient outcomes remains limited. There are, however, an increasing number of prospective studies, which highlight the potential merits of TnECHO in identification of cardiovascular compromise and guiding neonatal cardiovascular care. Ó Rourke et al. 5 demonstrated that a neonatologist performed screening program for a PDA on day of life 3, led to earlier identification of patients with a hemodynamically significant PDA and more timely intervention. Interestingly, there was a temporal reduction in the rate of severe intraventricular hemorrhage and duration of ventilation. A more recent randomized trial DETECT (ductal echocardiography targeting and early closure) of early targeted PDA treatment trial showed that earlier treatment, based on PDA diameter, reduces pulmonary hemorrhage and the need for late PDA treatment. 15 The randomized controlled trial of PDA therapeutic decision making by Carmo et al. 16 showed that serial TnECHO after each dose of indomethacin treatment led to dose minimization without any subsequent increased need in surgical ligation. At our center the introduction of a comprehensive triaging system, based on comprehensive TnECHO evaluation of the PDA, was associated with a 50% reduction in surgical ligations. 17 In addition, the introduction of a screening TnECHO evaluation 1-h after PDA ligation led to a significant reduction in postoperative cardiorespiratory instability. This clinical entity is termed post-ligation cardiac syndrome. 2 Although the use of TnECHO in the NICU setting is expanding, there is a need to ensure that there is standardization of training and clinical practice guidelines, with quality assurance systems in place to ensure safe dissemination of this practice. The published guidelines by the American Society of Echocardiography outline a framework for standardization of training neonatologists and regulating clinical practice in the NICU. 6, 18 The guidelines are representative of a collaborative initiative between neonatologists and pediatric cardiologists and set out the core and advanced skills required for competency in conducting a complete TnECHO examination. The TnECHO program at our institution has been refined to adhere with the principles set out in the guidelines with the establishment of a collaborative training program where trainees spend time in the pediatric echocardiography laboratory to acquire the skills of basic imaging. When trainees reach a level of proficiency in basic imaging, they receive training in TnECHO methodology and integrated cardiovascular decision making in the setting of the NICU. The program is designed to train individuals with a higher level of expertise who will further advance the field. In addition, our clinical TnECHO program has also been refined with integration of the imaging component of the consultation within the existing pediatric echocardiography archiving and reporting mechanisms. These changes have improved the collaborative relationship between neonatology and pediatric cardiology and have fostered clinical research initiatives, which are mutually beneficial.
Although our data suggest a beneficial effect on clinical care, we recognize the many limitations of our study's design. First, although there is a close temporal relationship between the timing of the TnECHO and the changes described, this is a retrospective cohort study, and it is not possible to determine the outcome if TnECHO consultation did not occur. Second, physicians requesting TnECHO consultation may have an inherent bias toward implementing changes in response to the information provided by the study. The factors contributing to why some physicians do not request a TnECHO consultation in a similar situation are not represented here. Finally, this study is not representative of all neonates who may be declared 'suitable' for TnECHO consultation. We were unable to quantify the impact of TnECHO consultation-guided care on short-or long-term patient outcomes.
CONCLUSION
The role and use of echocardiography in the NICU is changing. This may relate, at least in part, to more widespread availability of echocardiography equipment and the development of portable technology. The evolution of the TnECHO consultative service at our center has led to clinical practices changes, which appear to be beneficial. The practice of TnECHO needs to be properly regulated within a secure infrastructure where there is close collaboration between trained neonatologists and pediatric echocardiography laboratories or pediatric cardiologists with expertise in echocardiography. It is incumbent on neonatologists with expertise in TnECHO to continue to generate knowledge and
